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Embryonic development and postembryonic growth 
in a population of Entomobrya nivalis (Collembola) 
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INTRODUCTION 


The ontogenesis of various Collembolan species has been studied but 
very little is known about the species Entomobrya nivalis. 


SouTH (1961) described eggs of the genus Entomobrya as initially white, 
opaque, smooth and spherical, with a diameter of 0.15-0.19 mm. After a few 
days, the outer chorion breaks to form two caps which adhere to the egg 
throughout its development. 40 to 60 non species-specific filaments are then 
apparent on the inner chorion. Some days later, when the eggs are 0.26- 
0.27 mm in diameter, the eyes of the insect embryo become visible (eye stage). 
Hatching occurs without further change in external appearance on the tenth 
or eleventh day after oviposition (at 17° C). Even under favourable conditions 
the eggs from one batch do not hatch simultaneously (CHOUDHURI, 1963). 


The developmental time of collembolan eggs depends on temperature. 
This fact has been discussed by several authors (BARRA, 1976; CHOUDHURI, 1963; 
CHOUDHURI et al., 1979; Davis & HARRIS, 1936; LINDENMANN, 1950; MIKULSKI 
& Wostak, 1960; THIBAUD, 1967, 1970), but no data is available so far for Ento- 
mobrya nivalis. 


After reaching sexual maturity in the 6th instar E. nivalis continues to 
grow but the size increments become smaller (CHRISTIANSEN, 1964). The 
maximal body length recorded for field animals is 2.0-2.5 mm (Sourx, 1961; 
Joosse, 1969). 


Determinations of life-span, life-tables and number of postembryonic 
instars at different temperatures and laboratory conditions for several col- 
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lembolan species are given by Joosse & VELTKAMP (1970), LINDENMANN (1950), 
Turpaup (1968, 1969, 1975, 1977), but no exact data are available for E. nivalis; 
probably because it was not possible to breed this species successfully in 
laboratory so far. 


The postembryonal development of E. nivalis was investigated by AGRELL 
(1948). He specified proportional changes during development and growth 
centres by comparing the growth of different body appendices with body 
lenght. Joosse & VELTKAMP (1970) determined a postembryonal growth curve 
under laboratory conditions (20°C) and calculated the body length of E. 
nivalis at which it becomes sexually mature. Using field data, Joosse (1969) 
proposed a scheme for the annual cycle of five Collembolan species including 
E. nivalis. f 


As part of a current research programme on the ecology of subalpine 
springtails, the aim of the present investigation was to examine the time- 
temperature relationship during embryo development and to determine the 
postembryonic growth in a field population of E. nivalis. 


I. — MATERIALS AND METHODS 


The investigation was carried out in a Swiss subalpine spruce forest at Gurnigel, 
15 km west of Thun (BE), altitude 1580 m, during the years 1980-1982 (VOX ALLMEN & 
ZeTTEL 1982). 


Animals used in laboratory experiments were collected in the field and kept in 
glass jars with tight lids at 100% relative humidity, which was maintained by a base 
laver of plaster of Paris-charcoal mixture moistened with distilled water. To deter- 
mine the duration of egg development, E. nivalis were collected in June and July 1981. 
Oviposition started a few days after collection, full-grown individuals producing fewer 
eggs than those which had just reached sexual maturity. The exact time of oviposition 
was determined by several controls daily and new eggs were transferred to fresh culture 
jars and exposed to different constant temperatures (9, 13, 16, 20°C). The development 
of eggs (chorion rupture, eye stage, hatching) was controlled several times daily, and 
the mean developmental times were calculated presuming a normal distribution. 

To determine growth in the field population, samples were collected 2 to 3 times 
monthly between August 1980 and April 1982. In summer the animals were extracted 
from lichen and in winter taken from spruce bark using an aspirator. As a preser- 
vative pure iso-propanol was used. The collected E. nivalis were divided into the two 
age groups which can be distinguished in the field: (i) adults; (ii) juveniles-subadults. 
On the 30. June 1981 we could only identify one age group (adults). In random samples 
of each age group (10< n < 20), the length of the fourth antennal segment was measu- 
red and this used as size parameter. The relation between A4length and body size 
of E. nivalis is described by VON ALLMEN & ZETTEL (1982). 


To test the hypothesis of WaLporF (1981, influence of pollen food on reproduction) 
some winter subadults were fed with lichen only (family Parmeliaceae) while others 
had a diet of lichen plus hazel pollen and both groups were kept under the following 
conditions: (1) T = constant = 13°C, 10 hours light: 14 hours dark (LD 10:14, terminology 
after ASCHOFF et al. 1965). This combination corresponds to summer temperature and 
spring photoperiod. (2) T = constant = 20°C, LD 10:14, a combination corresponding 10 
extremely high summer temperature and spring photoperiod. (3) summer long-day condi- 


tions T = 15°C, LD 16:8; (4) summer short-day conditions, T = 14°C, LD 8:16. 
In random samples the A4-lengths were measured three times within 47 days. 
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II. — RESULTS 


A) Embryogenesis. 


The egg development at the different temperatures is shown in Fig. 1. 
With rising temperature the developmental time is shortened. The tempe- 
rature increase from 9 to 20° C reduces the time required for chorion rupture 
to half, while for reaching the eye stage and to complete embryogenesis the 
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Fic. 1. — Mean developmental time (+ 95% C.L.) of eggs of 
Entomobrya nivalis at different temperatures. A: hatching; 
B: eye stage; C: chorion rupture. 


reduction is about two thirds (from 17.5 to 5.1 and 25.2 to 7.3 days respecti- 
vely). By plotting the developmental time against temperature a hyperbolic 
curve was obtained (in agreement with CHOUDHURI et al., 1979). The theore- 
tical threshold for reaching the eye stage is 4.4° C, for hatching 4.9° C. These 
values were obtained from the regression lines between temperature and 
developmental index (D. I. = 100/developmental time, according to Morris & 
FULTON, 1970 and CHOUDHURI et al., 1979). 


B) Growth in the field population. 


The growth curve of the field population shows two periods of growth 
(Fig. 2): May-July (subadults) and July-October (juveniles). During winter 
no growth occurs. The E. nivalis population overwinters partially as adults, 
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but mainly as the fifth instar with a mean A4-length of 0.26 mm (range 0.19- 
0.31 mm), calculated from the data of SoutH (1961) and the relationship body- 
length: A4-length (VON ALLMEN & ZETTEL, 1982). 


After hibernation, subadults attain sexual maturity by the end of May 
and a short time later oviposition must take place while first instar animals 
appear already in the beginning of July. The investigated population has 
one annual generation. 
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Fic. 2. — A: field growth curve of Entomobrya nivalis (mean Ad4length + 95 % C.L.). 


Broken lines: size at which sexual maturity is reached 
B: daily mean air temperatures. 


C) Experiments with pollen food. 


The growth of winter subadults under laboratory conditions is shown in 
Fig. 3. Animals kept at relative high temperatures (compared to the mean 
air temperatures of 4.9° C in May and 8.7° C in June) and fed with lichen, 
showed only slow growth and did not become reproductive. Kept at 20° C 
and summer short-day (T = 14° C) and fed exclusively with lichen, the ani- 
mals showed high mortality and hardly survived longer than 33 days. Animals 
with an additional pollen diet reached sexual maturity size within two (20° C) 
to four weeks (13° C) and laid eggs shortly afterwards. Summer short-day 
conditions seem to have a retarding effect on growth and although the ani- 
mals attained the size of sexual mature individuals, they never reproduced. 
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Fic. 3. — Growth curves (mean Ad-length + 95 % C.L.), of winter subadults of E. nivalis under 

laboratory conditions. A: 13°C, LD 10:14; B: 20°C, LD 10:14; C: 15°C, LD 16:8; D: 14°C, 
LD 8: 16. 

O start of experiment 

— first oviposition observed 

O fed exclusively with lichen 

@ with additional pollen food. 
Broken lines: size at which sexual maturity is reached. 


III. — DISCUSSION 


A) Embryogenesis. 


The temperature dependence of embryogenesis in Collembola has been 
investigated in many species, e.g. Pseudosinella decipiens, P. impediens (BARRA, 
1976); P. violenta (Davis & HARRIS, 1936); Folsomia candida (SNIDER, 1972); 
different species of the genus Orchesella (LINDENMANN, 1950); six species of 
Hypogastruridae (THiBauD, 1967); Hypogastrura manubrialis (MIKULSKI & 
Wosrak, 1960); three species of Onychiurus (CHOUDHURI, 1963); Lobella maxil- 
laris (CHOUDHURI et al., 1979); different Symphypleona (BLANCQUAERT et al., 
1981 a). 


In accordance with the cited authors, we found a negative correlation 
between temperature and developmental time. Our calculated threshold 
(4.9° C) for completion of embryogenesis in E. nivalis is lower than the most 
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values determined in Collembola: 12.7° C for Sminthurides aquaticus, 7.8° C 
for Sphaeridia pumilis, 7.2° C for Arrhopalites sericus (BLANCQUAERT et al., 
1981 a); 7.5° C for Lobella maxillaris (CHOUDHURI et al., 1979); 6° C for Orche- 
sella cincta (MERTENS & BLANCOUAERT, 1980); 5.5° C for Sminthurus viridis 
(WALTERS, 1968). Only Hare (1965) found a developmental threshold below 
these values, 0° C for Dicyrtoma fusca, explained as a physiological adaptation 
to high altitude climate. With a developmental threshold of 4.9° C, E. nivalis 
is adapted to the relatively cool subalpine climate of central Europe. 


B) Growth in the field population. 


As seen in the field growth curve, the rapid growth in the summer months 
starts at the end of May and ends for subadults in July, when they reach the 
adult size and for juveniles in October, when air temperature falls below the 
threshold for moulting (3.7° C, Joosse & VELTKAMP, 1970) or probably when no 
further pollen is available (see discussion of the feeding experiment). In a 
field population of E. nivalis on Schiermonnikoog, growth started already in 
March (Joosse & VELTKAMP, 1970). This is probably due to different climatic 
conditions: in the subalpine region of the Alps spring begins later than in 
the Netherlands and consequently the threshold temperature for growth is 
reached later. 

In agreement with Joosse (1969) we found no growth during winter. 
Moulting can be excluded because winter temperatures are below the thres- 
hold for moulting and no animals in ecdysis could be found during winter; 
field observations support this fact. 

SNIDER (1971) observed that the body length of Onychiurus justi fluctuated 
after the seventh instar and later on decreased -until death. BURN (1981) 
pointed out that decreasing size may be a widespread phenomenon in Col- 
lembola, occuring under conditions of inadequate food supply and arising as 
a result of the association of moulting with excretion. The fluctuations in 
body length (here expressed as A4-length) of the adult size class of E. nivalis 
(Fig. 2) may be due to this phenomenon. 


C) Number of generations. 


In contrast to Joosse (1969) we found only one annual generation. This 
fact can also be explained by the different temperature conditions in the 
regions investigated (NL, CH) and the temperature dependence of growth 
(CHRISTIANSEN, 1964). On Schiermonnikoog temperatures above the moulting 
threshold persist for 7 months of the year (Joosse, 1969), in our research area 
however only during 41/2 months. This period is too short to produce a 
second generation. 

E. nivalis hibernates as the 5th juvenile instar and reaches sexual maturity 
in the following summer. The winter population is composed of two age 
groups: (i) adults, (ii) juvenile-subadults. In contrast to the findings of 
AGRELL (1941), who described the life cycle of E. nivalis in Swedish Lappland, 
in the Swiss subalpine zone this species does not overwinter as eggs. Only 
one oviposition period was determined and during spring no first instar ani- 
mals could be found. Moreover, CHRISTIANSEN (1964) pointed out that no 
regular diapause has ever been demonstrated for eggs of Entomobryids. 


et AS 
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D) Sexual maturity and oviposition. 


For the explanation of life cycle in a collembolan population the time of 
oviposition is essential. The body length of E. nivalis at which sexual matu- 
rity is reached was determined by Joosse (1969) and Joosse & VELTKAMP (1970) 
as 1.2 mm and 1.3 mm; the corresponding A4-lengths are 0.325 and 0.351 mm 
respectively (VON ALLMEN & ZETTEL, 1982). This size is attained by the over- 
wintered subadults of the investigated population by the end of May. On 
the 10. July 1981 juveniles of the next generation were found for the first time. 
The period of time available for possible oviposition was calculated from the 
mean field temperature between 5. June and 5. July 1981 and the corresponding 
developmental times for eggs (Tab. I). 


Tas. I 


Mean temperatures between 5.6.81 and 5.7.81 in °C (A), corresponding developmental 
times of eggs in days (B) and calculated dates of oviposition (C). 
(First appearance of juveniles: 10.7.81). 


È 


30.May 
14.June 


Combining the theoretical dates of oviposition with the growth curve 
(Fig. 2), the determined size at maturity could be verified. With this obser- 
vation we are able to show that the theoretical value obtained under labora- 
tory conditions by Joosse & VELTKAMP (1970) is applicable to our field popu- 
lation. 


Egg-laying takes place after reaching the 6th instar (CHRISTIANSEN, 1964). 
In general Collemboles produce eggs in every other moulting interval, as 
demonstrated for Neelipleona (BLANCQUAERT & MERTENS, 1979) and different 
Arthropleona (BLANCQUAERT et al., 1981 b, GREGOIRE-WIBO & SNIDER, 1977, 
Joosse & VELTKAMP, 1970, Rapoport & AGUIRRE, 1973; TANAKA, 1970). First 
instar animals of E. nivalis were found during 3-4 weeks in July, so females 
seem to produce eggs only during such a short period (VoN ALLMEN & ZETTEL, 
1982). Calculating with the moulting frequency of other Arthropleona and 
our summer temperatures, 2-3 reproductive instars would be possible at most. 


The measured mean temperatures (air and litter) during April and at the 
beginning of May are below the moulting threshold temperature (3.7° C), 
calculated by Joosse & VELTKAMP (1970). Hence we conclude that the growth 
step to the sexually mature instar is influenced by temperature. However, 
temperature cannot be the only controlling factor, as subadults collected in 
winter and submitted_to constant temperatures of 9, 13, 16, 20° C and fluc- 
tuating temperature (T = 14— 15° C) and fed exclusively with lichen did not 
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reproduce, not even after 3 months. WatporF (1981) postulated that pollen as 
a protein-rich food might influence the onset and duration of reproduction in 
females of Entomobrya socia. This hypothesis is confirmed in our research 
area as spruce pollen production coincides with the rapid growth of subadult 
E. nivalis in spring. Our feeding experiments showed that a protein-rich 
pollen diet is essential for a rapid growth to sexual maturity and temperature 
above a certain threshold plays only a minor role. It seems that no specific 
preference for a pollen species exists, as we used hazel pollen in the place 
of the spruce pollen available in their natural habitat. 
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SUMMARY 


1. Under constant temperatures and at a RH of 100% the time for egg deve- 
lopment was 25.2 days at 9°, 14.8 days at 13°, 10.8 days at 16° and 7.3 days at.20° C. 

2. The theoretical threshold for completion of embryogenesis in E. nivalis 
is 4.9 C. 

3. In a subalpine field population of E. nivalis-we found one annual genera- 
tion, hatching in July, hibernating as subadults and reaching sexual maturity in 
the following spring. 

4. In the investigated population, the subadults following hibernation grew 
during May and June only whereas the growth period of the juveniles lasted till 
October. No growth occurs during winter. 

5. Sexual maturity is reached in June, after 3 to 4 weeks of rapid growth. 
Temperature above a certain threshold plays only a minor role in controlling 
growth. The availability of protein-rich pollen as a food component is however 
essential for this growth step. Preference for a particular pollen species is not 
apparent. 


RÉSUMÉ 


Développement embryonnaire et croissance postembryonnaire 
d'une population d’Entomobrya nivalis (Collembola) 


1. A température constante et humidité de 100%, le temps nécessaire au 
développement des œufs d'Entomobrya nivalis fut de 25,2 jours à 9° C, 14,8 jours 
à 13° C, 10,8 jours à 16° C et 7,3 jours à 20° C. 

2. Le seuil inférieur de température du développement embryonnaire fut de 
4.9° C. 

3. Dans une population naturelle d'Entomobrya nivalis de la région subalpine 
des Alpes Suisses, on n'a trouvé qu'une seule génération annuelle; celle-ci éclot 
en juillet, hiverne à l’état subadulte et arrive au stade de maturité sexuelle au 
printemps suivant. 
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4. Dans la population étudiée, on a observé une croissance des subadultes 
hivernant de mai à juin et des juvéniles jusqu'en octobre; on n'a pas observé 
de croissance en hiver. 


5. Le stade de maturité sexuelle est atteint en juin aprés une croissance 
rapide de 3 à 4 semaines. Comme facteur contrôlant la croissance, la tempéra- 
ture ne joue qu'un rôle subordonné et seulement au-dessus d'une certaine valeur ; 
une nourriture supplémentaire de pollen, riche en protéines, est cependant indis- 
pensable pour la croissance rapide au printemps. Une préférence particulière 
pour une espèce donnée de pollen ne semble pas exister. 
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